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INTRODUCTION 
The genetical knowledge of any crop is very important in regard 
to its breeding behavior. The efficiency of any plant breeding program 
depends primarily upon the type of inheritance of the characters which 
are the objectives of that program. 
The method of inheritance of hereditary characters usually can 
be divided into two categories. In the first category are those char­
acters with discrete limits of expression which are inherited in a 
simple Mendelian manner and can be studied by the fitness to single 
genetic ratios. The other includes the quantitative characters which 
show a continuous variation and cannot be grouped into separate and 
distinct genetic classes. Hie study of the inheritance of such char­
acters requires special statistical treatment and is further complicated 
by their extreme physiological and genetic complexity and the ease with 
which they are influenced by the environment. 
There are generally a number of inçortant characteristics of each 
species whose inheritance is controlled in this quantitative manner. 
Jones and Mann (l6) have suggested that onion bulb shape inheritance 
is probably controlled by quantitative genes. Since this character is 
of considerable importance to the onion breeder when he is making 
selections for new varieties or hybrids, it should be of valyg to obtain 
more information in this area. 
The primary objective of this investigation, therefore, is to study 
the inheritance of onion bulb shape, onion bulb dimensions and the 
relationship between these dimensions as they relate to bulb shape. 
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Because bulb size has been found to have an influence on bulb shape, 
this component will be included in this study. An additional objective 
is to estimate the heritability of these characters. 
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REVIEW OF LITERATURE 
Inheritance of Quantitative Characters 
In the last five decades much emphasis has been placed on the study 
of quantitative characters. The inheritance of quantitative traits 
follows Mendelian principals as it does in qualitative characters, but 
the phenotypes exhibit a continuous scale of variation due to the effect 
of more than a few genes and the great effect of the environmental 
factors. Mlsson-Ehle (22) demonstrated that kernel color in wheat is 
determined not by a single genetic factor but by three genes. Any of 
these genetic factors gave a ratio of 3 red to 1 white when segregating 
alone. Two genes segregating together gave 15:1 ratio and all three gave 
a ratio of 63:1. It was established that different genes could have 
similar and cumulative effects, and that Mendelian genes, therefore, 
have the properties necessary to account for continuous variation. He 
showed how such facts gave a foundation for a theory interpreting the 
inheritance of quantitative characters. East (?), working with kernel 
color in corn, obtained data to support this theory. Emerson and East 
(8) found that the quantitative differences generally were controlled 
by many factors inherited in a strictly Mendelian manner. Rasmusson 
(25) added to the hypothesis on, the inheritance of quantitative char­
acters saying that "the effect of each factor on the genotype is depend­
ent upon all the other factors present, the visible effect of a certain 
factor being smaller the greater the number of factors acting in the 
same direction." 
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The most important hypothesis used in a genetic interpretation of 
the continuous variability has been the multiple factor hypothesis which 
was confirmed by Nilsson-Ehle (22) and by East (7) after the discovery 
of Mendelian laws. However, the hypothesis of multiple alleles at one 
locus or possibly closely linked loci rather than multiple genes at 
relatively independent loci has been useful in demonstrating the inherit­
ance of qualitative characters which might be similar to quantitative 
inheritance in gene number. Hutchinson (I3) found that the shapes of 
the leaves in Asiatic cotton are controlled by at least five alleles 
at the L locus which affected sinus depth and lobe width. Hammond (ll) 
has shown that the genes for leaf shape act by controlling correlations 
between growth rates in various dimensions. The hypothesis of multiple 
alleles has also been used to explain the results of genetic studies 
on flower form in Salpiglossis (6) and glume shape in Triticum (33). 
Inheritance of Shape Character 
There have been extensive investigations of the inheritance of the 
shape character in the genus Cucurbita. Sinnott (28) conducted an 
experiment to study the inheritance of fruit shape in Cucurbita pepo. 
The conclusion of this study was that the disc shape was completely 
dominant to the sphere shape. The frequency distribution of Fg progeny 
showed a sharp segregation into approximately three-quarters disc and 
one-quarter sphere. For fruit length there was a fairly clear segrega­
tion in the Fg into long and short, but no segregation was apparent in 
width. Sinnott and Hammond (31) extended the work in shape inheritance 
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to include other varieties of Cucurbita. They summarized their data 
by saying that "a specific fruit shape seems to be the result of a balance 
between a series of factors differing in the degree and direction of 
their effect." -
Sinnott and Kaiser (32) found that genes for shape may exhibit 
their control in different ways. One way is that they act early in the 
developmental cycle and set up different levels of relative growth which 
are maintained, thereafter, with little modification. In the other 
they seem to impinge at a much later stage and to produce their effect 
at that time through a modification of the growth rate of one dimension 
relative to that of the other. 
Weetman (35) found out from four watermelon crosses that a single 
pair of genetic factors determined the main differences in fruit shapes 
between long and spherical with the intermediate shape being the result 
of the heterozygous condition. Lindstrom (18) found that each of three 
fruit shapes in tomato were determined by a single gene, oblate being 
dominant to round and round in turn dominant to ovate. A-multiple 
allelomorphic series of three alleles was suggested to control these 
three shapes. 
Jones and Davis (I5) studied the shape character of the onion bulb. 
•When two lines having a different bulb shape index were crossed, the shape 
index of one line was O.679 (oblate shape) and the other was 1.775 (torpedo 
shape). Thé hybrid of these lines was slightly flattened globe, inter­
mediate between the two parents but tending to be close to the oblate 
parent. 
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Size-shape Relationship 
It has been concluded by McCollum (2l) that a definite relationship 
exists between onion bulb siiie and the bulb shape dimensions. Working 
with the Yellow Sweet Spanish variety and using bulb weight as an 
indication of bulb size, he obtained the following correlation co­
efficients. 
Correlation coefficient of shape index and weight -.5838 
Correlation coefficient of diameter and weight +.^421 
Correlation coefficient of height and weight +.823O 
Correlation coefficient of height and diameter +.8026 
Obviously from these results, it can be concluded that bulb size can 
affect the shape. It is interesting to note that, although there is a 
positive correlation between both bulb height and bulb diameter with 
bulb weight individually, the correlation between the shape index and 
weight is negative. Similar results were obtained by Binkley (2). 
This worker found a significant positive correlation between the height 
of onion bulbs and their weight, and a more significant positive correla­
tion between the width of onion bulbs and their weight. Weetman (35) 
demonstrated the relationship between length, width, shape index and 
weight of watermelon fruits by using correlation coefficients. Length 
was significantly correlated with width. Both length and width were 
highly correlated with weight of fruits. Shape index showed a highly 
significant negative correlation with fruit weight. This means that 
elongated fruits generally weighed more th^ did spherical fruits. 
Inbreeding and Heterosis 
The inbreeding process generally causes a gradual loss of vigor 
of the onion plant and the chances of obtaining improved varieties from 
inbreeding alone are rather remote. Jones and Davis (I5) studied the 
inbreeding effect on some onion lines. It has been found that two 
generations of inbreeding were sufficient to give a remarkable degree 
of onion bulb shape and weight uniformity. By studying the coefficient 
of variability, two and six generations of inbreeding were similar as 
far as bulb weight was concerned. Pa^il et (24) found that a 
decrease in vigor resulted from one generation of inbreeding, particular­
ly in loss of bulb weight. The inbreds, however, were superior to the 
commercial parent in such characters as storage quality and uniformity 
in size, shape and color of bulb. 
Coefficients of Variability of the Bulb Shape Character 
The magnitude of variation of onion bulb shape has been studied by 
Clericuzio (5) working with a group of onion varieties. The torpedo 
shape of the Italian red variety showed the highest variability among the 
varieties studied and the flat-shaped Yellow Bermuda variety showed the 
least variability. It has been concluded that the taller bulb shape 
was generally more variable than the flattened one. The variability 
of onion bulb shape has been also demonstrated by Salem (27) in some 
selected onion inbreds and their hybrids. As a conclusion of this study 
the variability of onion bulb shape differed considerably among the 
inbreds and was apparently a function of the degree of inbreeding. The 
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inbreds having a high degree of inbreeding had. approximately the same 
amount of variability as the single crosses. 
Heritability 
The concept of heritability has received much attention in recent 
years as a measure of genetic variability. Methods of estimating herit­
ability fall into two main categories, i.e. (l) obtaining the coefficient 
of regression of parent-offspring, (2) using the variance components 
from an analysis of variance. 
Heritability values may be calculated in the narrow sense as 
defined by Falconer (9) as the ratio of additive genetic variance to 
the total phenotypic variance. This can be expressed quantitatively as: 
h 2 =  g"A 
2 2 
CA + 6"E 
where, = the additive genetic variance. 
2 
= the genetic variance. 
2 
= the environmental variance. 
Robinson et al. (26) estimated the heritability values from the analysis 
of variance of data for eight characters. The heritability values 
of plant height, ear height, husk extension and husk score were relatively 
high in relation to other characters measured in corn. Panse (23), 
Frey (lO), Jones (17) and others estimated the heritability values from 
the experimental data on the basis of obtaining the regression of F^ 
progenies on Fg plants. 
Heritability in the broad sense has been defined by Lush (19) as 
the proportion of the phenotypic variation which can be attributed to 
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the genotype of the individuals observed. Heritability in the broad 
sense has been calculated by many investigators. Byrd (3) estimated the 
heritability for corn characters as the ratio of genetic variance to • 
the total variance. The genetic variance was obtained by subtracting 
the environmental variance as estimated from non-segregating populations 
(P^, Pg and from the variance of segregating population (Fg). This 
estimation was under the assumption that the environmental effect was 
the same on all the genotypes. The same procedure has been used by 
Mahmud and Kramer (20) to obtain heritability estimates for yield and 
plant.height in a cultivated species cross of soybeans. They used the 
variance of the Fg segregates as the total variance and the square root 
of the product of the parental variances as the environmental variance. 
The environmental variance was calculated by Weber (3^) as the cube root 
of the product of the variance of the parents and the F^ progeny. 
Types of Gene Action 
The type of gene action depends on the operation of genes in deter­
mining a given character and the relationship of each gene with the other 
genes affecting such character. 
Sinnott (30) found that the gene action of fruit weight in Cucurbita 
pepo belonged to the hypothesis of geometric action of genes affecting 
size, rather than cumulative arithmetic action. It was suggested 
that if the distribution of the segregating generation was symmetrical 
about its mean, each gene adding a constant absolute increment to 
the phenotype. On the other hand, if the distribution was asymmetric 
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or skewed, this indicated that the genes produced a geometric or multipli­
cative effect. Charles and Smith (4) have described criteria to test 
if the action is arithmetic or geometric. These criteria have been used 
by Weber (3^) who studied the inheritance of some agronomic characters 
of soybean. The methodology of using these criteria will be described 
under the material and methods. 
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MATERIAL MD METHODS 
Plant Material 
Three inbreds of onion were used in this experiment as parent 
material. The selection of these inbreds was based primarily on their 
shape characteristics which represent three classes of shape, high globe, 
torpedo and flat. The descriptions of these inbreds are as follows; 
iowa 736 The Iowa 736 inbred was developed at Iowa Agricultural 
Experiment Station from Iowa Yellow Globe 44. This inbred combines well 
with many inbreds and is especially desirable because of the deep color 
and earliness it imparts to hybrids in which it is a parent. The bulb 
shape of this inbred is high globe and the bulb size is medium (figure 
1). The particular selection of Iowa 736 used in this study was selfed 
for two generations and maintained for several generations by close 
sibbing. It is considered to be relatively high in uniformity for bulb 
shape and bulb size. 
B 60-4511 (PDLB) This inbred was derived from the Pennsylvania 
Dutch Long Bottle variety by two generations of self-pollination. The 
bulbs of this inbred are characterized by a toi^edo shape with long 
bottle neck and light yellow scale color (figure 2). The bulb size is 
relatively small as compared to commercial onions of the torpedo shape. 
B 51-4588 (Flat) The parent material of this inbred is the 
Jaune Paille de Vertus variety which was introduced from France. It has 
five generations of self-pollination. The bulb shape of B $1-4588 is 
flat with slightly sloping shoulders and the bulb size is relatively 
large (figure 3)» The bulb shape and size are highly uniform. Both 
Figure 1. Shows the shape character of the Flat and the Iowa 736 inbreds and the hybrid of these 
inbreds. 
Figure 2. Shows the shape character of the PDIiB and the Iowa 73^ inbreds and the hybrid of these 
inbreds. 
Figure 3» Shows the shape character of the PDIB and the Flat inbreds and the hybrid of these 
inbreds. 
PDLB 
IA'736 X PDllé 
Figure 1 Figure 2 Figure 3 
l4 
B $1-4588 and B 60-4511 vere obtained from the United States Department 
of,Agriculture Station at Beltsville, Maryland. 
In the summer of 1962, bulbs of the three inbreds were planted 
at the Horticulture Farm and all the possible crosses were made among 
these inbreds. The crosses to produce seed of the F^'s were acconçlished 
by insect pollination after the emasculation of the inflorescence of 
the female parent as described by Jones and Emsweller (l4). 
In the fall of I962, the seeds of the F^ hybrids and their parents 
were planted in flats in the greenhouse. Early in the spring the plants 
were exposed to cold treatment to promote flower induction without going 
through the bulb stage. Unfortunately, the parent inbred seedlings 
apparently had not attained the necessary size for floral induction at 
the time they were exposed to the cold treatment as only the hybrids were 
induced to flower. This deficiency prevented the production of seed of 
the backcrosses. However, the F^ plants produced seedstalks and Fg 
seeds were produced by selfing these plants. 
Field Design 
The design of the experiment was a randomized con^lete block design 
with three replicates. In a single replicate each of the three parent 
inbreds and the three hybrids were represented by a single plot while 
each of the three Fg's was represented by 5 plots giving a total of 21 
plots. This uneven representation was used to obtain a larger sample 
of the more variable Fg's as compared to the more uniform inbreds and 
hybrids. This method was used by Beil (l). 
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Each plot contained 30 plants in a single row. The interval between 
plants was 4 inches and the distance between rows was 36 inches. 
Greenhouse and Field Planting 
Seeds were sown in flats filled with a soil mixture consisting of 
one part loam, one part peat, and one part sand in the greenhouse on 
April 1, 1964. On May 15, plants were transplanted into the field area. 
Collection of Data 
Bulb shape After all the bulbs matured, they were harvested and 
cured for approximately 20 days. Each bulb was cut longitudinally through 
its least diameter. The method of bulb shape determination utilized in 
this study is the same as described by Salem (27). The shape of the bulb 
was determined by three ratios: Height-diameter 1, height-diameter 2, 
and height-diameter 3« Bulb size data were taken as the weight of the 
mature bulbs in grams. These measurements were determined after removing 
the plant tops and the dried, loose scales. Bulb dimensions included 
onion bulb height. Diameter 1, Diameter 2, and Diameter 3 as described 
by Salem (27). These dimensions were measured in centimeters. 
Statistical Analyses 
In order to obtain an estimate of the genotypic variance for each 
cross the within-plot variance was calculated for the parents, snd 
F2 of each cross. The analysis of variance utilized to obtain this 
estimate is presented in table 1. 
l6 
Table 1. Analysis of variance for estimation of the "within plot varia­
tion for each entry. 
Source of variation Degrees of freedom^ 
Total n - 1 
replicates r - 1 
wi thin-plot s (pi - l) 
i = 1 
= total number of plants for the entry. 
r = number of replicates. 
pi = number of plants in the ith plot. 
,_2, 
An estimate of the environmental variance (oE) can be calculated 
as an arithmetic average of the within plot variances of the non-
segregating populations. In the segregating populations the within-plot 
variance is represented by the genotypic variance (ci) plus the environ­
mental variance (cê). By subtracting the average of the calculated 
variances of the non-segregating populations from the calculated variance 
of the segregating populations, the genotypic variance can be obtained. 
The estimates of heritability values for onion bulb shape, size and 
dimensions were calculated in the "broad sense" using the following 
formula. 
Heritability (h^) = x 100 
2 2 
O G + O E 
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The relationship "between the "bulb shape, "bulb size, and "bulb dimen­
sions was determined by the formula developed as follows: 
Genotypic r^ = G 
Where: Cov^, = Cov^, - Cov^ 
Gov = genotypic covariance between x and y characters. 
^G 
Covjjy = phenotypic covariance between x and y characters. 
Gov = environmental covariance between x and y characters 
(arithmetic average of covariances for the parents 
and F-j_ generations). 
The phenotypic correlation coefficients were determined by using 
similar formula as follows: 
Gov 
Phenotypic r^ = ^ 
The type of gene action of the characters under study was detected 
by using the criteria which had been described by Charles and Smith (4). 
Theoretical arithmetic and geometrical means for the F^ and the Fg genera­
tions were calculated by the following formula. 
Arithmetic mean of F^ = + Pg 
2 
Arithmetic mean of Fg = Pi + SF^ + Pg 
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Geometric mean of ^ • ^2 
Geometric mean of Fg = Antilogarithm of log + 2 log F^ + log Pg 
Where: P^ = the observed mean of one parent. 
Pg = the observed mean of the other parent. 
F^ = the observed mean of the F^ hybrid. 
A conçarison of the calculated mean with its corresponding theoret­
ical mean will give an indication of the type of gene action. 
The number of classes of a frequency distribution were determined 
statistically by using the following formula, as presented by Huntsberger 
( 1 2 ) .  — ,  
k = 1 + 3*3 log n 
Where: k = number of classes. 
n = the number of F individuals. 
The class interval were calculated by dividing the range of the 
character index by the number of classes. 
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EXPERIMENTAL RESULTS 
Segregation of Onion Bulb Shape 
Previous reports dealing with onion genetics did.not discuss the 
genetics of onion bulb shape, size, and dimensions. The experimental 
results will present some knowledge of the genetics, heritability values, 
and type of gene action for these characters and the relationships among 
them. 
The frequency distributions of height/diameter 1 ratios for the 
three crosses, including the parents arid and generations, are shown 
in tables 2, 3 and 4. The Fg distribution did not include some of the 
parental classes. This is true in all three crosses. The inbred PDLB 
shows a wide range of distribution indicating that environmental factors 
had a great influence on this parent. 
The means of the height/diameter 1 ratios of the parents, F^, and F^ 
generations are presented at the bottom of tables 2, 3, and 4 for the 
three crosses. For the cross Iowa 73^ x PDLB (table 2), the F^ mean is 
closer to the mean of Iowa 73^ than that of the other parent. The Fg 
mean shows the same trend as the F^ mean, although it is nearer the 
midparent value than the F^ mean. 
The mean of F^ generation of the cross Iowa 736 x Flat approximates 
the,mean of the Flat parent. The mean of Fg generation is about the same 
as the F-j_ mean. Partial dominance of genetic factors determining the 
height/diameter 1 ratio could be suggested. The F^ mean of the cross 
Flat X PDLB is closer to the mean of the Flat parent and the Fg mean 
value has a similar position but is farther from the Flat mean than the 
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Table 2. Frequency distributions and means of the parents, and Fg 
for height/diameter 1 ratios for the cross Iowa 736 x PDLB. 
Center of 
the class Iowa 736 PDLB ^1 "2 
1 
1.40 1 3 
1.80 29 19 . 23 
2.20 30 20 62 
2.60 16 l4 90 
3.00 4 14 72 
3.40 3 8 49 
3.80 12 6 33 
4.20 19 1 15 
4.60 17 6 
5.00 9 3 
5.40 10 
5.80 4 
6.20 1 
6.60 
n 80 T5 82 356 
mean 2.1631 4.5544 2.6275 2.8732 
theoretical arithmetic mean 3.3587 2.9931 
theoretical geometric mean 3.135 2.8550 
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Table 3. Frequency distributions and means of the parents, F-,, and F 
-L 2 
for height/diameter 1 ratios for the cross Iowa 736 x Flat. 
Center of 
the class Flat Iowa 736 Fi ^2 
.375 
.625 4 
.875 70 11 53 
1.125 16 36 190 
1.375 . 1 21 99 
1.625 7 5 53 
1.875 23 5 13 
2.125 17 8 
2.375 20 1 
. 2.625 8 -
2.875 5 1 
3.125 
. 
3.375 
3.625 
3.875 
—•• 
4.125 
n 91 80 78 4l8 
mean .9182 2.1631 1.2270 1.2143 
theoretical arithmetic mean 1.5406 1.3838 
theoretical geometric mean 1.4106 1.3150 
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Table 4. Frequency distributions and means of the parents, and Fg 
for height/diameter 1 ratios for the cross Flat x PDLB. 
Center of 
the class Flat PDLB ^1 '2 
.20 
.60 11 
1.00 78 16 66 
1.1*0 2 51 131 
1.80 9 72 
2.20 1 56 
2.60 29 
3.00 13 
3.40 3 7 
3.80 12 3 
4.20 19 1 
4.60 IT 
5.00 9 
5.4O 10 
5.80 4 
6.20 1 
6.6o 
n 91 75 77 378 
mean .9182 4.5544 1.3723 1.7343 
theoretical arithmetic mean 2.7363 2.0543 
theoretical geometric mean 2.0469 1.675 
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mean. In all the crosses, the height/diameter 1 character does not 
show any transgressive segregation in the segregating generation (Fg) 
in either direction. 
The frequency distributions of the parents, F^'s and Fg's of the 
height/diameter 2 character which represent the general bulb shape are 
presented in tables 5, 6, and 7 for the three crosses. The F^ mean of 
the cross Iowa 736 x PDLB falls in the range between the means of the two 
parents and is closer to the mean of Iowa 73^ parent. The same is true 
-concerning the F^ mean. There is potential transgressive segregation in 
one direction towards Iowa 73^ parent. At the same time there are some 
parental classes not found in the Fg frequency distribution. The F^ 
mean of the cross Iowa 736 x Flat is almost unity indicating that the 
general bulb shape is round. However, this mean is much closer to the 
Flat parent than the other parent. The mean of Fg generation is very 
similar to the F^ mean. There is no transgressive segregation shown. The 
cross Flat x PDLB exhibits the same results as the cross Iowa 736 x Flat 
except the ratios were not quite unity. 
The frequency distributions and the means of the height/diameter 3 
for the three crosses are presented in Tables 8, 9, and 10. The means 
of both the F^ and Fg generations of the cross Iowa 736 x PDLB are almost 
as small as that of the Iowa 736 parent indicating a potential of trans­
gressive segregation towards—Iowa 736 parent. For the crosses Iowa 736 x 
Flat and Flat x PDLB, the F^ means are close to the Flat parent and Fg 
means followed the same pattern as F^ means. 
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Table 5* Frequency distributions, and means of the parents, F^, and F^ 
for height/diameter 2 ratios for the cross Iowa 736 x PDLB. 
Center of 
the class Iowa 736 PDLB Fi ^2 
.60 
1.00 4 
1.40 31 34 75 
1.80 45 22 126 
2.20 4 15 94 
2.60 12 10 42 
3.00 34 1 13 
3.40 18 2 
3.80 9 
4.20 2 
4.60 
n 80 75 82 356 
mean 1.6550 3.1546 1.8399 1.9461 
theoretical arithmetic mean 2.4048 2.1223 
theoretical geometric mean 2.2804 2.0510 
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Table 6. Frequency distributions and means of the parents, and Fg 
for hei^t/diameter 2 ratios for the cross Iowa 736 x Flat. 
Center of 
the class Flat Iowa 736 Fl ^2 
.ho 
.60 26 3 
.80 63 25 128 
1.00 2 34 192 
1.20 2 17 74 
1.40 23 • 2 14 
1.60 18 6 
1.80 28 1 
2.00 7 
2.20 2 
2.40 
n 91 80 78 4l8 
mean .7397 1.6550 .9968 1.0019 
theoretical arithmetic mean 1.1973 1.0971 
theoretical geometric mean 1.1045 1.050 
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Table 7* Frequency distributions and means of the parents, F-j_, and F^ 
for height/diameter 2 ratios for the cross Flat x PDLB. 
Center of 
the class Flat PDLB ^1 ^2 
.20 
.60 76 2 17 
1.00 15 72 222 
i.4o 3 94 
l.8o 33 
2.20 11 
2.60 12 1 
3.00 - 34 
3.40 18 
3.80 9 
4.20 2 
4.60 
n 91 75 77 378 
mean .7397 3.1546 .9868 1.1870 
theoretical arithmetic mean 1.9470 1.470 
theoretical geometric mean 1.5264 1.2270 
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Table 8. Frequency distributions and means of the parents, and Fg 
for height/diameter 3 ratios for the cross Iowa 736 x PDLB. 
Center of 
the class Iowa 736 PDLB ^2 
.60 
1.00 1 
1.40 11 22 47 
1.80 38 27 129 
2.20 28 17 92 
2.60 . 3 8 13 51 
3.00 38 2 30 
3.40 20 1 4 
3.80 9 2 
4.20 
n 80 75 82 356 
mean 1.9251 3.1520 1.9810 2.0852 
theoretical arithmetic mean 2.0385 2.0097 
theoretical geometric mean 2.4657 2.2090 
28 
Table 9. Frequency distributions and means of the parents, and Fg 
for height/diameter 3 ratios for the cross Iowa 736 x Plat. 
Center of 
the class Flat Iowa 736 Fl ^2 
.40 
.60 14 3 
.80 71 5 50 
1.00 6 37 193 
1.20 29 113 
1.40 3 6 47 
1.60 17 - 10 
1.80 15 1 1 
2.00 21 1 
2.20 19 
2.40 3 
2.60 2 
2.80 
n 91 80 78 4l8 
mean .7619 1.9251 1.1005 1.0919 
theoretical arithmetic mean 1.3435 1.2220 
theoretical geometric mean 1.2124 1.1530 
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Table 10. Frequency distri'Blitions and means of the parents , F^, and Fg 
for height/diameter 3 ratios for the cross Flat X PDLB. 
Center of 
the class Flat PDLB ^1 , ^2 
.20 
.60 71 7 
1.00 20 73 206 
1.40 3 112 
1.80 1 34 
2.20 17 
2.60 8 2 • 
3.00 38 
3.40 20 
3.80 9 
4.20 
n 91 75 77 378 
mean .7619 3.1520 1.0215 1.2348 
theoretical arithmetic mean 1.9569 1.4892 
theoretical geometric mean 1.5459 1.2580 
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Segregation of Onion Bulb Size 
The frequency distributions of onion "bulb size in grams for the 
three crosses are shown in tables 11, 12, and 13. The means of the 
generation for the crosses Flat x PDLB and Iowa 736 x PDLB (tables 11 
and 12) show greater values than the larger parents, Flat and Iowa 736, 
respectively. The F2 mean of Iowa 736 x PDLB reacts similarly but the 
Fg mean of Flat x PDUB is slightly less than the larger parent. However, 
the means of the F^ and Fg generations for Iowa 736 x Flat are both 
smaller in value than the mean of the larger Flat parent. 
Segregation of Onion Bulb Dimensions 
The frequency distributions of onion bulb height in centimeters 
for parent, F^ and Fg generations of each of the three crosses are 
presented in tables l4, I5, and 16. The mean of F^ generation for the 
cross Flat x PDLB is closer to the mean of the PDLB parent which is the 
taller of the two. The same result is observed with the Fg mean. For 
the.crosses Iowa 736 x Flat and Iowa 736 x PDLB, the same pattern of 
segregation as found in the cross Flat x PDLB occurs. In fact, the mean 
of the F2 generation for the cross Iowa 736 x PDLB is higher than the 
mean of. the taller parent which is the inbred PDLB. In both of the cross­
es, Iowa 736 X PDLB and Iowa 736 x Flat) some of the Fg bulbs were taller 
than the taller parent, indicating transgressive segregation in this 
direction. 
Tables 17, I8, and 19 show the frequency distributions of diameter 1 
for parent, and F^ and Fg generations of each of the three crosses. The 
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Table 11. Frequency distributions and means of the parents, and Fg 
for onion bulb size character for the cross Flat x PDLB. 
Center of the 
class (in Grams) Flat PDLB Fi F2 
24 8 65 3 80 
m 26 10 3 92 
72 27 14 82 
96 26 12 58 
120 3 20 37 
144 1 14 22 
l68 4 6 
192 5 1 
216 0 
240 . 2 
264 
288 
n 91 75 77 378 
mean 58.6489 12.9191 106.8196 _ 54.7362 
theoretical arithmetic mean 35.7840 71.0518 
theoretical geometric mean 27.5318 54.2100 
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Table 12. Frequency distributions and means of the parents, and Fg 
for onion bulb size character for the cross Iowa 736 x Flat. 
Center of the 
class (in Grams) Iowa 736 Flat Fi ^2 
27 61 9 8 88 
54 19 31 31 177 
31 35 19 98 
108 15 17 33 
135 1 3 16 
162 5 
189 0 
216 0 
243 0 
270 0 
29T 1 
u 80 91 78 4l8 
mean 20.4830 58.6489 57.9772 50.1957 
theoretical arithmetic mean 39.5659 48.7716 
theoretical geometric mean 34.6850 44.8232 
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Table 13. Frequency distributions and means of the parents, and F^ 
for onion bulb size character for the cross Iowa 736 x PDIZB. 
Center of the 
class (in Grams) Iowa 736 PDLB Fi % 
17 33 53 28 103 
34 38 20 12 104 
51 9 2 16 73 
68 13 33 
85 9 15 
102 3 17 
119 1 7 
136 2 
153 1 
170 1 
n 80 75 82 356 
mean 20.4830 12.9191 36.0971 34.5134 
theoretical arithmetric mean 16.7010 26.3991 
theoretical geometric mean 16.2788 24.2311 
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Table l4. Frequency distributions and means of the parents, and Fg 
for height character for the cross Flat x PDLB. 
Center of the class 
(in Centimeters) Flat PDLB "1 ^2 
1.T5 
2.45 6 6 
3.15 18 1 24 
3.85 47 8 4 59 
4.55 19 5 10 85 -
5.25 1 14 19 79 
5.95 15 26 58 
6.65 10 16 32 
7.35 10 1 20 
8.05 , 8 1 9 
8.75 3 4 
9.45 1 2 
10.15 
n 91 75 77 378 
mean . 3.7884 6.0804 5.7642 5.1486 
theoretical arithmetic mean 4.9344 5.3493 
theoretical geometric mean 4.7958 3.3940 
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Table 15. Frequency distributions and means of the parents, F]_, and Fg 
for the height character for the cross Iowa 736 x Flat. 
Center of the class 
(in Centimeters) Flat Iowa 736 2^ 
1.75 
2.25 1 
2.75 7 2 2 13 
3.25 16 2 3 39 
3.75 • 34 4 5 73 
4.25 31 14 23 111 
4.75 1 28 24 99 
5.25 1 19 13 46 
5.75 9 6 22 
6.25 1 2 8 
6.75 1 5 
7.25 1 
7.75 1 
8.25 
n 91 80 78 • 4l8 
mean 3.7884 4.8192 . 4.6646 4.4729 
theoretical arithmetic mean 4.3038 4.4842 
theoretical geometric mean 4.2436 4.4650 
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Table l6. Frequency distributions and means of the parents, F^, and Fg 
for the height character for the cross Iowa 736 x PDLB. 
Center of the class 
(in Centimeters) Iowa 736 PDLB Fi ^2 
2.25 
3.15 5 2 8 9 
4.05 IT 7 17 38 
4.95 kh 15 11 72 
5.85 13 19 14 100 
6.75 1 : 16 16 65 
7.65 10 9 42 
8.55 5 5 13 
9.45 1 2 11 
10.35 4 : 
11.25 1 
12.15 1 
13.05 
n 80 75 82 356 
mean 4.8192 6.0804 5.6612 6.1116 
theoretical arithmetic mean 5.4498 ' 5.5555 
theoretical geometric mean 5.3852 5.537 
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Table 17. Frequency distributions and means of the parents, F^, and Fg 
for diaHs 2ter 1 character for the cross Flat X PDLB. 
Center of the class 
(in Centimeters) Flat PDLB ^2 
.60 
1.00 28 5 
1.40 26 18 
1.80 21 24 
2.20 1 1 43 
2.60 1 3 43 
3.00 5 3 49 
3.40 12 2 49 
3.80 15 18 59 
4.20 20 19 48 
4.60 28 18 32. 
5.00 9 9 7 
5.40 3: 1 
5.80 1 
6.20 
n 91 75 77 378 
mean 4.1577 1.3493 4.2547 3.1983 
theoretical arithmetic mean 2.7535 3.5041 
theoretical geometric mean 2.3361 3.175 
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Table 18. " Frequency distributions and means of the parents. F^, and Fg 
for the diameter 1 character for the ( cross Iowa 736 x Flat. 
Center of the class 
(in Centimeters) Flat Iowa 736 Fl ^2 
.75 
1.25 6 1 
1.75 19 1 , 11 
2.25 2 27 2 29 
2.75 1 23 4 46 
3.25 11 5 19 89 
3.75 20 17 94 
4.25 28 12 83 
4.75 27 9 43 
5.25 2 13 16 
5.75 1 5 
6.25 1 
. 6.75 
n 91 80 78 4l8 
mean 4.1577 2.2838 3.9294 3.6693 
theoretical arithmetic mean 3.2207 3.5751 
theoretical geometric mean 3.0789 3.478 
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Table I9. Frequency distributions and means of the parents, and Fg 
for diameter 1 character for the cross Iowa 73^ x PDLB. 
Center of the class 
(in Centimeters) Iowa 736 PDLB ; ^2 
.20 
- -
.60 1 1 
1.00 28 12 22 
1.40 7 26 9 47 
1.80 18 21 7 72 
2.20 24 11 86 
2.60 19 13 51 
3.00 9 15 45 
3.40 3 8 22 
3.80 5 8 
4.20 1 2 
4.60 
n 80 75 82 356 
mean 2.2838 1.3493 2.3163 2.2222 
theoretical arithmetic mean 1.8165 2.0664 
theoretical geometric mean 1.7521 2.016 
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mean of the cross Iowa 736 x Flat is closer to that of the Flat parent. 
However, in the other crosses the F^ mean is slightly higher than the 
parent with the larger width. In each of the crosses, the mean of F^ 
generation is close to the widest parent. There is potential trans-
gressive segregation in the direction of the wider parent. 
(The frequency distributions of the diameter 2 character are presented 
in tables 20, 21, and 22. For the crosses Flat x PDLB and Iowa 736 x 
PDtB, the F^ means exceed the means of the corresponding wider parents, 
Flat and Iowa 736, respectively. Although the Fg mean for Iowa 736 x 
PDLB also is greater than the mean of the wider parent, the mean of the 
Fg generation for Flat x PDLB is slightly less than the Flat inbred. The 
Fg mean of the cross Iowa 736 x Flat follows the F^ mean by being in 
between the two parents and close in value to the mean of the wider Flat 
inbred. 
The frequency distributions of diameter 3 character are shown in 
tables 23, 2h and 25. The F, means and F means of diameter 3 exhibit 
X 2 
similar behavior to the means of the diameter 2 character for all the 
three crosses. ^ 
Comparisons of the Coefficients of Variability 
Coefficients of variability of the eight characters under study for 
the cross Iowa 736 x Flat are presented in table 26. The parent Iowa 736 
shows a higher coefficient of variability than the other parent, for all 
characters except height. The F^ coefficient of variability for the size 
character is lower than the coefficient of variability for either of the 
parents, but the coefficient of variability of F^ generation is the 
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Table 20. Frequency distributions and means of the parents, Fj_, and Fg 
for diameter 2 character for the cross Flat x PDIB. 
Center of the class 
(in Centimeters) Flat PDLB 
.30 
.90 
1.50 
2.10 
2.70 
3.30 
3.90 
4.50 
5.10 
5.70 
6.30 
6.90 
7.50 
8.10 
8.70 
2 
2 
9 
16 
19 
3h 
7 
2 
3 
28 
30 
ih 1 
2 
3 
5 
11 
16 
27 
6 
5 
1 
2 
14 
33 
55 
46 
55 
73 
49 
48 
3 
n 91 
mean 5*1547 
theoretical arithmetic mean 
theoretical geometric mean 
75 
1.9421 
77 
5.8809 
3.5484 
3.1607 
378 
4.5284 
4.7146 
4.313 
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Table 21. Frequency distribution and means of the parents, F^; and Fg 
for the diameter 2 character for the cross Iowa 736 x Flat. 
Center of the class 
(in Centimeters) Flat Iowa 736 Fl 2^ 
1.50 
2.10 16 1 4 
2.70 2 26 . 1 26 
3.30 2 29 3 36 
3.90 9 7 15 90 
4.50 16 2 21 103 
5.10 19 17 79 
5.70 34 9 49 
6.30 7 11 20 
6.90 2 10 
7.50 -
8.10 1 
8.70 
n 91 80 78 4l8 
mean 5.1547 2.9668 4.7727 4.4306 
theoretical arithmetic mean 4,0607 4.4167 
theoretical geometric mean.' 3.9115 4.320 
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Table 22. Frequency distributions and means of the parents, and Fg 
for diameter 2 character for the cross Iowa 736 x PDEB, 
Center of the class 
(in Centimeters) Iowa 736 PDLB 
^1 ^2 
.75 
1.25 18 7 5 
1.75 5 21 14 30 
2.25 17 25 6 56 
2.75 20 11 2 60 
3.25 22 12 71 
3.75 12 10 48 
4.25 4 17 47 
4.75 8 22 
5.25 5 14 
5.75 1 3 
6.25 
n 80 75 82 356 
mean 2.9668 1.9421 3.2786 3.2674 
theoretical arithmetic mean 2.4544 2.8665 
theoretical geometric mean 2.4000 2.805 
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Table 23» Frequency distributions and means of the parents, F,, and F 
X 2 
for diameter 3 character for the cross Flat x PDLB. 
Center of the class 
(in Centimeters) Flat PDIB Fi 2^ 
.30 
.90 3 
1.50 28 5 
2.10 29 17 
2.70 2 15 1 39 
3.30 4 3 51 
3.90 10 2 51 
4.50 17 11 64 
5.10 23 11 68 
5.70 26 20 49 
6.30 7 18 31 
6.90 2 T 3 
7.50 2 
8.10 2 
8.70 
n 91 75 77 378 
mean 5.0221 1.9458 5.7157 4.3668 
theoretical arithmetic mean 3.4839 4.5998 
theoretical geometric mean 3.1193 4.231 
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Table 24. Frequency distribution and means of the parents, F^, and Fg 
for diameter 3 character for the cross Iowa 736 x Flat. 
Center of the class 
(in Centimeters) Flat Iowa 736 Fi ^2 
.90 
1.50 7 
2.10 " 26 1 11 
2. JO 2 29 4 34 
3.30 4 15 8 73 
3.90 10, 3 21 91 
4.50 17 19 111 
5.10 23 14 55 
5.TO 26 11 25 
6.30 7 10 
6.90 2 7 
7.50 -
8.10 1 
8.70 
n 91 80 78 4l8 
mean 5.0221 2.5624 4.3332 4.1785 
theoretical arithmetic mean 3.7922 4.0627 
theoreticail geometric mean 3.5916 3.943 
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Table 25• Frequency distributions and means of the parents, and Fg 
for diameter 3 character for the cross Iowa 736 x PDLB. 
Center of the class 
(in Centimeters) Iowa 736 PDLB ^2 
.675 
1.125 11 6 5 
1.575 7 20 14 27 
2.025 16 23 6 50 
2.475 26 14 4 53 
2.925 19 7 7 66 
3.375 9 10 52 
3.825 3 13 45 
4.275 15 29 
4.725 5 14 
5.175 1 12 
5.625 1 3 
6.075 
n 80 75 82 356 
mean 2.5624 1.9458 3.0570 3.0662 
theoretical arithmetic mean 2.2541 2.6555 
theoretical geometric mean 2.2338 2.612 
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Table 26. Means, variances, and coefficients of variability of parents, 
F^, and F^ of the cross Iowa 736 x Flat for eight characters 
of the onion bulb. 
Character Estimate Iowa 736 Flat 
Size Mean 20.1*830 
Variance r 87.1678 
C.V. 45.55 
Height/Di ame ter 1 Mean 
Variance 
C.V. 
Height/Diameter 2 Mean 
Variance 
C.V. 
Height/Diameter 3 Akan 
Variance 
C.V. 
Height 
Diameter 1 
Diameter 2 
Diameter 3 
Mean 
Variance 
C.V. 
Mean 
Variance 
C.V. 
Mean 
Variance 
C.V. 
Ms an 
Variance 
C.V. 
2.1631 
0.1091 
15.25 
1.6550 
0.0425 
12.46 
1.9251 
0.0595 
12.66 
4.8192 
0.3470 
12.22 
2.2838 
0.2124 
20.15 
2.9668 
0.2895 
18.12 
2.5624 
0.2333 
18.83 
58.6489 
457.4370 
36.45 
0.9182 
0.0116 
11.76 
0.7397 
0.0040 
8.50 
0.7619 
0.0043 
8.64 
3.7884 
0.2278 
12.60 
4.1577 
0.3437 
14.10 
5.1547 
0.5552 
14.45 
5.0221 
0.6278 
15.78 
57.9772 
408.9420 
34.87 
1.2270 
0.0540 
18.94 
0.9968 
0.0204 
14.30 
1.1005 
0.0265 
14.79 
4.6646 
0.3338 
12.38 
3.9294 
0.4679 
17.40 
4.7727 
0.5225 
15.13 
4.3332 
0.4452 
15.39 
50.1957 
608.9360 
49.10 
1.2143 
0.0567 
19.60 
1.0019 
0.0214 
14.60 
1.0919 
0.0271 
15.07 
4.4729 
0.3922 
13.99 
3.6693 
0.4733 
18.74 
4.4306 
0.6220 
17.80 
4.1785 
0.6108 
18.70 
52.19 
22.79 
27.88 
26.73 
28.72 
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highest as expected. The coefficients of variability of "both the and 
the Fg generations for the three ratios determining the onion "bulb 
shape are higher than the coefficient of variability of either parents. 
For height and diameters, the F^ coefficients of variability are 
•within the range of the parents' coefficients of variability vith the 
exception of diameter 3 which had a lower coefficient than either parent. 
The coefficients of variability of the Fg generation are higher than those 
of the F^ or the parents for the height and intermediate for the three 
diameters. 
Table 27 presents the coefficients of variability of parents and 
the F^ and Fg generations of the cross Iowa 73^ x PDIiB for eight char­
acters of onion bulb. The coefficients of variability of the parent 
PDLB are higher than the other parent for size, height, diameter 1, 
diameter 2, and diameter 3» The reverse is true for three shape ratios. 
The coefficients of variability of the F^ generation for this.cross 
follow a pattern similar to the cross Iowa 73^ x Flat in that the size 
coefficient is smaller than that of either the parents, the ratios' 
coefficients are larger than that of either the parents and the dimensions' 
coefficients are intermediate between that of the parents with one excep­
tion. The coefficients of variability of the Fg generation for the eight 
characters are higher than those of the parents and the Fj except for 
the height/diameter 1 character. 
The coefficients of variability of the parent, F^ and Fg genera­
tions of the cross Flat x PDLB for the eight characters are presented in 
table 28. The PDLB parent exhibit higher coefficients of variability 
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Table 27» Means, variances, and coefficients of variability of parents, 
Fi, and Fg the cross Iowa 73^ x PDLB for eight characters 
of the onion bulb. 
Character Estimate Iowa 736 PDLB 
Size Mean 20.4830 
Vari ance 87.1678 
C.V. 45.55 
Height/Diameter 1 îfean 2.1631 
Vari ance 0.IO9I 
C.V. 15.25 
Height/Diameter 2 Msan I.655O 
Variance 0.0425 
C.V. 12.46 
Height/Diameter 3 Mean I.925I 
Variance 0.0595 
C.V. 12.66 
Height 
Diameter 1 
Diameter 2 
Diameter 3 
Mean 
Variance 
C.V. 
4.8192 
0.3470 
12.22 
Mean 2.2838 
Variance 0.2124 
C.V. 20.16 
Mean 
Variance 
C.V. 
Mean 
Variance 
C.V. 
2.9668 
0.2895 
18.12 
2.5624 
0.2333 
18.83 
12.9191 
58.7940 
59.45 
4.5544 
0.3522 
13.02 
3.1546 
0.1142 
10.70 
3.1520 
0.0902 
9.84 
6.0804 
1.3744 
19.24 
1.3493 
0.0846 
21.56 
1.9421 
0.1804 
21.84 
1.9458 
0.1943 
22.63 
36.0971 
356.5870 
32.32 
2.6275 
0.3021 
20.91 
1.8399 
0.1079 
17.77 
1.9810 
0.1121 
16.89 
5.6612 
1.1481 
18.94 
2.3163 
0.2651 
22.22 
3.2786 
0.4235 
19.83 
3.0570 
0.3792 
20.13 
34.5134 
479.7240 
63.48 
2.8732 
0.1624 
14.00 
1.9461 
0.1707 
21.45 
2.0852 
0.1866 
20.73 
6.1116 
1.6919 
21.27 
2.2222 
0.3391 
26.19 
3.2674 
0.6477 
24.64 
3.0662 
0.6111 
25.49 
34.92 
48.33 
53.26 
43.74 
44.75 
54.02 
57.26 
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Table 28. Mean, variances, and coefficients of variability of parents, 
and Fg of the cross Flat x PDLB for eight characters of 
the onion hulb. 
Character Estimate Flat PDLB h2 
Size Ms an 58.6489 
Variance 457.4370 
C.V. 36.45 
12.9191 106.8196 
58.7940 1285.9250 
59.45 33.58 
Height/Diameter 1 Ms an O.9182 
Variance O.OII6 
C.V. 11.76 
Height/Diameter 2 Msan O.7397 
Variance 0.0040 
C.V., 8.50 
Height/Diameter 3 Mean O.7619 
Variance 0.0043 
C.V. • 8.64 
Height 
Diameter 1 
Diameter 2 
Diameter 3 
Mean 
Variance 
C.V. 
Mean 
Variance 
C.V. 
Mean 
Variance 
C.V. 
Mean 
Variance 
C.V. 
3.7884 
0.2278 
12.60 
4.1577 
0.3437 
14.10 
5.1547 
0.5552 
14.45 
5.0221 
0.6278 
15.76 
4.5544 
0.3522 
13.02 
3.1546 
0.1142 
10.70 
3.1520 
0.0902 
9.84 
6.0804 
1.3744 
19.24 
1.3493 
0.0845 
21.53 
1.9421 
0.1804 
21.84 
1.9458 
0.1943 
22.63 
1.3723 
0.0380 
14.20 
0.9868 
0.0124 
11.28 
1.0215 
0.0154 
12.14 
5.7642 
0.4029 
11.01 
4.2547 
0.4209 
15.24 
5.8809 
0.6927 
14.15 
5.7157 
0.7201 
14.84 
54.7362 
694.3570 
48.15 
1.7343 
0.2748 
30.23 
1.1870 
0.0778 
23.50 
1.2348 
0.0899 
24.28 
5.1486 
1.1994 
21.27 
3.1983 
0.4740 
21.52 
4.5284 
0.6716 
18.10 
'•4.3668 
0.6517 
18.47 
13.48 
51.27 
44.08 
59.28 
44.27 
40.30 
29.11 
21.11 
51 
than the Flat parent for all characters. The coefficients of vari­
ability of height/diameter 1, height/diameter 2, and height/diameter 3 
are higher than either of that of the parents. The F-j^ coefficients of 
variability of the other characters are slightly lower or vithin the 
range of the coefficients of variability of the parents. The coeffi­
cients of variability of the Fg generation are between the parental 
values for size, diameter 2, and diameter 3> but exceed both the parental 
and F^ values for height/diameter 1, height/diameter 2, height/diameter 
3, and height. The coefficient of variability of diameter 1, however, 
is about equal to that of the more variable parent. 
Heritability 
Heritability estimates, indicating the extent of genetic control 
over phenotypic expression, were calculated for each of the eight char­
acters. Tables 26, 27 and 28 show the heritability estimates of these 
characters for the three crosses. The estimates which do not show in 
these tables are in fact negative values. The value for size is 52.19 
as estimated from the cross Iowa 73^ x Flat, 3^-9^ from the cross Iowa 
736 X PDLB and 13.48 from the cross Flat x PDLB. Height/diameter 1 
ch^acter has negative heritability values for the crosses Iowa 73^ x 
Flat and Iowa 736 x PDLB, while the heritability as estimated from the 
cross Flat x PDLB was $1.27. The height/diameter 2 character has a 
negative value for the cross Iowa 736 x Flat and 48.33 and 44.08 for 
the crosses Iowa 736 x PDLB and Flat x PDLB, respectively. Although the 
heritability value for height/diameter 3 for the cross Iowa 736 x Flat 
is negative, the values for this character in the crosses Iowa 73^ x Flat 
and Flat x PDLB are among the highest of any in this study. 
The height and diameter 1 characters have low heritability values 
in the cross Iowa 736 x Flat, but these values are in the range of 40 -
45^ for the crosses Iowa 736 x PDLB and Flat x PDLB. The characters, 
diameter 2 and diameter 3; show low heritability estimates for the 
crosses Iowa 73^ x Flat and Flat x PDLB, but for the cross Iowa 73^ x 
PDLB the heritability values for these characters are relatively high. 
Association of Characters 
Table 29 presents the phenotype correlation coefficients in the Fg 
generation among the characters studied in the three crosses. The 
magnitude of the correlation coefficients reveals that bulb size is 
highly and positively associated with the onion bulb dimensions for all 
the crosses. However, bulb size is appreciably negatively correlated 
with the three ratios indicating bulb shape. In general, the correla­
tion coefficients of size with the other characters for the cross Flat x 
PDLB are smaller than those for the other two crosses. 
The correlations between height and the other characters are highly 
significant except for the relationship between height and diameter 1 
in the cross Flat x PDLB, The height character shows a moderate positive 
correlation with the diameter 1, diameter 2 and diameter 3 characters. 
The correlations between height and the three shape ratios are similar 
for the cross Flat x PDLB and much lower but still positive for the other 
two crosses. 
Table 29« Phenotypic correlation coefficients among eight characters of onion bulb in the Fg genera­
tion from three onion crosses. 
Characters correlated Crosses 
Iowa 736 X PDLB Iowa 736 x Flat Flat x PDEB 
Size and Height 0.7210 O.661O 0.5939 
Size and Diameter 1 0.8095 O.8218 O.679I 
Size and Diameter 2 O.8551 0.9010 O.8579 
Size and Diameter 3 0.8742 0.904l 0.8491 
Size and Height/Diameter 1 - 0.27^2 - 0.3^37 - 0.1196 
Size and Height/Diameter 2 - 0.2782 - 0.4l64 - 0.1532 
Size and Height/Diameter 3 - 0.3327 - 0.4484 - 0.l4S0 
Height and Diameter 1 O.5IIO 0.4375 O.O96O 
Height and Diameter 2 0.5473 O.5896 0.3641 
Height and Diameter 3 O.5883 0.5944 O.3518 
Height and Height/Diameter 1 0.2147 0.2643 O.563O 
Height and Height/Diameter 2 0.2607 0.2181 0.5553 
Height and Height/Diameter 3 O.I883 0.1488 0.5511 
Diameter 1 and Diameter 2 O.9156 0.9177 0.8744 
Diameter 1 and Diameter 3 0.8732 O.8703 O.8187 
Table 29 (Continued) 
Characters correlated ; Crosses 
Iowa 736 X PDIiB Iowa 736 x Flat Flat x PDLB 
Diameter 1 and Height/Diameter 1 - 0.6207 - 0.6707 - 0.6519 
Diameter 1 and Height/Diameter 2 - 0.5463 - 0.6830 - 0.6152 
Diameter 1 and Height/Diameter 3 - 0.5522 - 0.6667 - 0.5627 
Diameter 2 and Diameter 3 0.9407 0.9498 0.9399 
Diameter 2 and Height/Diameter 1 - 0.5578 - 0.4626 - 0.4334 
Diameter 2 and Height/Diameter 2 - 0.5730 - 0.5982 - 0.4675 
Diameter 2 and Height/Diameter 3 - 0.6042 - 0.6135 - 0.4467 
Diameter 3 and Height/Diameter 1 - 0.4819 - 0.4548 - 0.4034 
Diameter 3 and Height/Diameter 2 - 0.5138 - 0.5614 - 0.4579 
Diameter 3 and Height/Diameter 3 - 0.5892 - 0.6150 - 0.4714 
Height/Diameter 1 and Height/Diameter 2 0.8833 1.0189 0.9372 
Height/Diameter 1 and Height/Diameter' 3 0.8321 0.8325 0.8760 
Height/Diameter 2 and Height/Diameter 3 0.9300 0.9180 0.9426 
Levels of significance 0.1050 0.0960 0.1020 
0.1370 0.1260 0.1330 
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The relation of diameter 1 with diameter 2 and diameter 3 is strong 
as the correlation coefficients are more than +.0.8 in each of the crosses. 
The diameter 1 character shows a highly significant correlation with the 
ratios determining bulb shape® These correlation coefficients are 
negative for all the crosses and fall in the range of .5 and 
The relationship between diameter 2 and diameter 3 is highly signifi­
cant as indicated by the coefficients of correlation which are over +.9» 
There is a highly significant correlation between diameter 2 and the 
ratios determining bulb shape. These correlation coefficient values 
fall in the range of -.42 to -.62 for all the crosses. Diameter 3 
exhibits similar relationships with the bulb ratios as diameter 2. 
The relationships among the ratios indicating bulb shape are highly 
significant and the correlation coefficients values are over +.83. The 
correlation coefficient of height/diameter 1 with height/diameter 2 for 
the cross Iowa 736 x Flat was over unity. 
In general, onion bulb size, diameter 1, diameter 2, and diameter 3 
show negative association with height/diameter 1, height/diameter 2, 
and height/diameter 3. However, the height character shows positive 
correlation coefficients with these ratios. The association of onion 
bulb dimensions two at a time is stronger than that of onion bulb dimen­
sions with onion bulb ratios determining bulb shape. Also, there are 
strong associations among the onion bulb ratios. 
The genotypic correlation coefficients in the generation among the 
characters studied for the three crosses are presented in table 30« It is 
apparent from this table that bulb size is highly and significantly 
Table 30. Genotypic correlation coefficients among eight characters of onion bulb in the Fg genera­
tion from three onion crosses. 
Characters correlated Crosses 
Iowa 736 X PDIiB Iowa 736 x Flat Flat x PDLB 
Size and Height 0.7966 0.7096 0.7649 
Size and Diameter 1 0.8607 0.8478 0.4432 
Size and Diameter 2 0.8903 0.9364 0.8229 
Size and Diameter 3 0.9146 0.9232 0.6545 
Size and Height/Diameter 1 - 0.3717 - - 0.1680 
Size and Height/Diameter 2 - 0.3167 - - 0.0808 
Size and Height/Diameter 3 - 0.3624 - 0.0633 
Height and Diameter 1 0.4634 0.2703 - O.I4817 
Height and Diameter 2 0.4719 0.4563 - 0.1253 
Height and Diameter 3 0.5105 0.4561 - 0.2887 
Height and Height/Diameter 1 0.2086 - 1.0057 
Height and Height/Diameter 2 0.3725 - 1.2488 
Height and Height/Diameter 3 0.3155 - 1.4577 
Diameter 1 and Diameter 2 0.9101 0.9042 0.8242 
Diameter 1 and Diameter 3 0.8798 0.8608 0.7720 
I 
I 
Table 30 (Continued) 
Characters correlated. Crosses 
Iowa 736 X PDLB Iowa 736 x Flat Flat x PDLB 
Diameter 1 and Height/Diameter 1 - 1.1131 - - 1.0285 
Diameter 1 and Height/Diameter 2 - 0.5748 - - 0.9629 
Diameter 1 and Height/Diameter 3 - 0.5751 - - 0.7237 
Diameter 2 and Diameter 3 0.9304 0.9366 0.9136 
Diameter 2 and Height/Diameter 1 - 0.7660 - - 0.7752 
Diameter 2 and Height/Diameter 2 - 0.6416 - - 2.2546 
Diameter 2 and Height/Diameter 3 - 0.6474 - - 0.5245 
Diameter 3 and Height/Diameter 1 - 0.6600 - - 0.9201 
Diameter 3 and Height/Di ameter 2 - 0.5843 - - 0.8804 
Diameter 3 and Height/Di ameter 3 - - 0.6151 - - 0.6542 
Height/Diameter 1 and Height/Di ameter 2 0.8880 - 0.8333 1.0170 
Height/Diameter 1 and Height/Di ameter 3 0.9103 - 0.9429 1.0210 
Height/Di ameter 2 and Height/Di ameter 3 0.9556 - 0.3600 1.0250 
Levels of significance 5/^ 0.1050 0.0960 0.1020 
116 0.1370 0.1260 0.1330 
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correlated vith height, diameter 1, diameter 2, and diameter 3« These 
associations are strong and positive. The relationships of "bulb size 
vith the ratios height/diameter 1, height/diameter 2, and height/diameter 
3, however, are not as strong as the association of bulb size with bulb 
dimensions. In fact, for the cross Flat x PDLB, the correlation co­
efficients of size with height/diameter 2 and height/diameter 3 are not 
significant. Genotypic correlation coefficients could not be calculated 
for the conçarisons of size and the dimensions with the ratios because 
the genotypic variances of the ratios were negative. 
The bulb height character shows positive and highly significant 
correlation coefficients with the other characters for the crosses Iowa 
736 X PDIiB and Iowa 73^ x Flat, Although the correlation coefficients 
of height and each of the diameters for the cross Flat x PDLB also are 
significant, they are negative. 
The relationships of diameter 1 with both diameter 2 and diameter 3 
are strong and their correlation coefficients are positive and highly 
significant. The correlation coefficients of diameter 1 with each of 
the three ratios are negative and highly significant. Although the 
association of diameter 2 and diameter 3 is positive and significant, 
that of diameter 2 and each of the ratios is negative and significant. 
The diameter 3 character shows a strong association with height/ 
diameter 1, height/diameter 2, and height/diameter 3» The correlation 
coefficients are negative and highly significant. The relationships 
among the ratios determining onion bulb shape are strong. 
In general, genotypic correlation coefficients follow the same trend 
as that of phenotypic correlation coefficients. It is obvious from 
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table 30 that a small number of correlation coefficients are larger than 
unity. This could be attributed to the sampling error. 
Gene Action 
The observed and theoretical means based on arithmetic and geo­
metric gene action in and Fg of all the crosses are given in tables 
2 through 25-
The theoretical geometric means for height/diameter 1, height/ 
diameter 2, and height/diameter 3 in all the crosses agree closely vith 
the observed means of F^ and Fg generations except that of height/diameter 
3 of the cross Iowa 73^ x PDLB. 
With onion bulb size the observed means of the F^ and Fg populations 
approximate the arithmetic means for all the crosses except Flat x PDLB. 
In this cross, the Fg mean is almost the same as the geometric mean, but 
the F^ mean is several times larger than either the geometric or the 
arithmetic mean. 
The observed means of F^ and Fg for height, diameter 1, diameter 2, 
and diameter 3 generally are closer to the arithmetic means than the 
geometric means. 
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DISCUSSION 
Quantitatively inherited characters can he distinguished from those 
inherited in a qualitative manner hy certain criteria. Quantitative 
characters usually show a continuous variation in the segregating genera­
tions as compared to the discontinuous variation of qualitative characters 
under the same circumstances. Another characteristic of quantitative 
characters is that dominance is usually lacking or inconçlete. 
Characters that show quantitative inheritance are numerous, such as, 
plant height, time of maturity, protein content, size and shape of kernel 
in wheat. Observations "by Jones and Mann (l6) indicate that onion "bulb 
shape and size appeared to be inherited in this manner. 
In the present study, crosses between assumed homozygous inbred 
lines of onion with diverse genetic characteristics showed a wide range 
of segregation in the characters studied. Essentially, the distributions 
of the characters under study in the Fg material indicated that these 
characters were quantitative in inheritance. This was because the Fg 
individuals generally were distributed between parental values and the 
distributions could not be sharply divided into classes. The Fg distribu­
tions for the eight characters were highly variable and showed a wide 
range of phenotypes as a result of segregation and recombination of genes 
controlling these characters and the effect of the environmental factors 
upon the development of the plants. 
Within each of the parental lines and Fi's there was a certain 
degree of variability in the characters studied. By assuming each 
parental line to be homozygous for most genes affecting each character. 
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it would seem that the variability manifested vithin the parental lines 
must he due to the environment. According to this assuaption, the 
individuals should be genotypically alike and each of the parental line 
plants should be similar to each other. But it seems that there was a 
certain degree of genetic segregation, especially for the inbred PDIB. 
Generally, the variation of bulb shape, size and dimensions within 
the Fg generations was continuous indicating that a large number of 
genes control each of these characters. 
The Fj^ means of the ratios determining onion bulb shape were 
between the parental 2022s for the three crosses. The Fg means wire 
similar in trend to that of the F-^^ hybrids. In the cross Iowa 736 x 
Flat, the Fj^ means of the ratios were close to the mean of the Flat 
parent indicating a partial dominance of the flat shape to the high 
globe shape. In the cross Iowa 73^ x PDLB, the F^ means of the ratios 
were close to the mean of Iowa 73^ parent indicating a partial dominance 
of the high globe shape to the torpedo shape. It could be concluded from 
the comparisons of the means of the cross Flat x PDLB that the flat shape 
also is partially dominant to the torpedo shape. 
The F^ mean of bulb size for the cross Flat x PDLB was larger than 
that of the larger parent, the Flat inbred, denoting overdominance of 
large bulb size. The Fg mean did not follow that of F^, probably, because 
of the reduction in the percent of heterozygosity. For the cross Iowa 
736 X PDLB, both the Fi and Fg means were larger than the Iowa 73^ inbred 
indicating overdominance of the large bulb size parent. The F^ and Fg 
means of the cross Iowa 736 x Flat were between the means of the parents 
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but they vere close to the mean of the Flat parent. It is probable that 
the crosses having PDLB as a parent showed overdominance because this 
parent is from a more diverse genetic origin. 
The order of the degree of tallness of the inbreds with the tallest 
listed first was PDLB, Iowa 736, and Flat. According to the results 
contained in tables l4, 15, and l6, the height of the tallest inbred 
was parti silly dominant towards the medium height of Iowa 736 which, in 
turn, was partially dominant to the short height of the Flat parent. 
The rank of the inbreds from the widest to the narrowest was Flat, 
Iowa 736, and PDLB. The Fq_ and Fg means of the three diameters of the 
cross Iowa 736 x Flat were between the parental means and close to the 
mean of the Flat parent. These results indicate partial dominance of 
the larger diameters to the smaller diameters. The results of the cross 
Iowa 736 X PDLB indicated overdominance of the larger diameters in the 
F^ hybrid. The F^ means of the diameters of the cross Flat x PDLB were 
always larger than that of the larger parent, while the F^ means were 
slightly less than the larger parent. Probably the PDLB parent was 
responsible for this overdominance as explained previously. 
Transgressive segregation is a phenomenon which may be observed in 
the frequency distributions of quantitative characters. This type of 
segregation can be detected from the frequency distribution by observing 
individuals beyond the parental range. Size showed potential trans­
gressive segregation in one direction towards the larger size inbred for 
the three crosses. The height of-bulbs showed transgressive segregation 
in one direction towards the larger height as indicated in tables 15 and 
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l6. Potential transgressive segregation was observed for the three 
diameters to be generally in one direction and towards the larger diameter 
(tables 17; l8, 19, 21, 22, 2h, and 2$). Height/diameter 2 and height/ 
•diameter 3 showed potential transgressive segregation towards the torpedo 
shape for the cross Iowa 73^ x PDLB (tables 5 and 8). ïhat transgressive 
segregation appeared in the material under study may indicate that 
modifying genes as well as major genes are affecting the expression of 
the characters showing this phenomenon as proposed by Prey (lO). 
Comparisons of the coefficients of variability indicated that the 
PDLB inbred was relatively more variable than the Flat inbred with 
regard to the characters under study and the Iowa 736 inbred was generally 
more variable than the Flat inbred. The conçarison between Iowa 736 and 
PDLB showed that PDLB was relatively more variable than Iowa 736 for the 
size and the dimensions of onion bulb, while Iowa 736 was more variable 
than PDLB for the ratios. These data indicated that the taller the onion 
bulb, the greater the variability, as has been found by Clericuzio (5). 
This also might be the result of the segregation of genes and the different 
environmental effect on these inbreds. 
There were some unexpected results from the conçarisons of the 
coefficients of variability. The coefficients of variability for size 
and diameters of the PDLB inbred were higher than that of Fg's for the 
cross Flat x PDLB. In the cross Iowa 736 x Flat, the Fg coefficients of 
variability of the diameters were slightly less than that of Iowa 736. 
These results were most likely the result of a more pronounced effect 
of the environment on PDLB and Iowa 736 than on the Fg's which have 
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the less variable Flat inbred as one of the parents. 
The Fq_ coefficient of variability for height/diameter 1 was larger 
than that of the Fg generation for the cross Iowa 736 x PDLB. This 
could be due to chance, which would favor using a population larger than 
450 plants as was the case in this study. The height/diameter 1 generally 
was more variable than the other ratios. This might be explained on the 
basis that diameter 1 was more affected by the environment and the nature 
of the growth of the leaves. 
The relative efficiency of selection for various characters is 
indicated by the heritability index. Thus, low heritability for any 
character would indicate a large environmental effect on the variability 
of this character and the selection process would be ineffective. The 
heritability as a measure of genetic transmissability is always related 
to selection and its efficiency. 
The ratios indicating bulb shape expressed negative heritability 
values for the cross Iowa 73^ x Flat. Also, height/diameter 1 showed 
negative values for the cross Iowa 73^ x PDLB. The negative values of 
heritability were obtained because the environmental variances were 
larger than the phenotypic variances. Since the bulb shape ratio is 
the result of the interaction of the two bulb characteristics, height 
and diameter, it is possible that a heritability estimate of a ratio such 
as this is not valid. 
The heritability estimates for each of the bulb characters were not 
the same for all crosses because the onion inbreds used in this study 
responded differently to the environmental factors. The variability 
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of Flat generally vas very low compared to the other two xnbreds and this 
low variability was also found in the Fg's when the Flat inbred was one 
of the parents. This comparatively low variability in these Fg's had 
a sizeable influence on the resultant heritability estimates. 
The association by correlation coefficients of the characters under 
study was clear cut and generally showed a realistic pattern for the 
three crosses. The size character showed a strong and positive associa­
tion with onion bulb dimensions, but it was, more strongly associated with 
diameters than height,' as has been found by McCollum (21). This might be 
explained on the basis of genes in common affecting both size and bulb 
dimensions. These genes would achieve this effect by their control over 
the relative growth of the onion plant. However, the size character 
was negatively associated with onion bulb shape ratios. 
According to these results, if selection for large bulb size in 
the onion were to be made in bulbs of the same weight, the most progress 
would be made by choosing the bulbs with largest diameters or the lowest 
height/diameter ratios. 
The height character is correlated positively with the diameters. 
Each of the three diameters is-highly positively correlated with each 
other. The three diameters showed negative correlation with the ratios 
determining onion bulb shape. This means that the larger the diameters, 
the lower the values for the ratios indicating bulb shape. 
For the ratios determining onion bulb shape, each ratio was highly 
correlated with each other indicating that the height/diameter 2 ratio 
alone would ha% been sufficient for describing the bulbs in this study. 
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There were some correlation coefficients beyond + 1 in tables 29 and 
30. Hiese correlations present problems for interpretations as they are 
statistically unexpected. Another unusual occurance was that some rela­
tionships did not show any correlation values at all (table 30) because 
of the difficulty of obtaining the square root of a minus value. 
According to the previous evidence and explanation, the hypothesis 
of the multiple factors seems to be applicable to the characters under 
study. This hypothesis proposes that the quantitative inheritance may 
be accounted for on the basis of the action and the segregation of a 
number of allelic pairs having duplicate and cumulative effects without 
complete dominance. 
Bulb shape as indicated by the ratio between height and diameter 
could be considered the end result of the relative growth of the onion 
plant since starting the formation of the bulb. The differences of onion 
bulb shape may arise from the differential growth of the dimensions 
throughout the course of development. The flat shape seems to be the 
result of the more rapid growth of the diameter rather than length and 
vice versa for the torpedo shape. 
The heritability and correlations coefficients values reported here 
might be of value for the plant breeder in a selection program for one 
or more of these characters. 
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SUMMARY AND CONCLUSIONS 
This experiment was conducted to determine the type of inheritance 
of onion bulb size, shape, and dimensions. The dimensions investigated 
were height, diameter 1, diameter 2, and diameter 3» It was also the 
purpose of this study to investigate the relationships among these 
characters. Another objective was to obtain heritability estimates for 
these characters. 
Three inbreds of onion representing the flat, the high globe and 
the torpedo shapes were used as parent material for this study. These 
inbreds are characterized by a wide difference for the characters under 
study. All possible crosses were made to produce seed and each of 
these F^'s was selfed to produce Fg seed. 
The data obtained for this study was from one year's planting. The 
design of the experiment was a randomized complete block with three 
replicates. The Fg generations were planted in a larger population than 
the parental lines and F^ generation to provide a better sample of the 
Fg segregation. 
The results of this experiment can be summarized as follows: 
1. The frequency distributions of the non-segregating and the 
segregating populations for onion bulb size, shape, and dimen­
sions appeared to indicate that such characters were quantita­
tively inherited. 
2. The ratios determining onion bulb shape showed that the flat 
shape was partially dominant to the high globe shape which, in 
turn, was partially dominant to the torpedo shape» 
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The highest onion "bulb was partially dominant to the least 
height and which, in txirn, was partially dominant to the short 
one. 
Transgressive segregation was observed to be in one direction 
for size in all the crosses, height and diameters in two crosses, 
and height/diameter 2 and height/diameter 3 in two crosses. 
Diameter 1 showed transgressive segregation in two directions 
for the cross Iowa 73^ x PDLB. 
The coefficients of variability indicated that onion bulb size 
was more variable than the other characters. This could be 
related to the probability that more genes are involved in the 
control of this character than in any of the others. 
The heritability estimates of size character were $2.19#, 
34.92^, and 13.48^ for the crosses Iowa 73^ % Flat, Iowa 736 x 
PDLB, and Flat x PDLB, respectively. 
The height and the diameter 1 characters showed low heritability 
values for the cross Iowa 736 x Flat and showed heritability 
values in the range of 40-4^^ for the crosses Iowa 736 x PDLB 
and Flat x PDLB. 
The diameter 2 and the diameter 3 characters had low heritability 
estimates for the crosses Iowa 736 x Flat and Flat x PDLB. 
For the cross Iowa 736 x PDLB, however, the heritability values 
for these characters were relatively high. 
The size character was highly positively associated with onion 
bulb dimensions, but was negatively correlated with the ratios 
determining bulb shape. 
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10. The height character was more strongly correlated with each 
of the three diameters than with each of the three ratios 
determining onion bulb shape. These correlations were positive. 
11. Each of the three diameters was highly and positively correlated 
with each of the other diameters. However, each one was 
associated negatively with each of the ratios determining bulb 
shape. 
12. Each of the height-diameter ratios was highly correlated with 
each of the other ratios. 
Although the data of this experiment have indicated that the inheri­
tance of onion bulb shape is of a quantitative nature, it,is possible 
that future experiments could further clarify this conclusion. If the 
inbreds used for such a study were of the same genetic background and 
varied only in the shape characteristic, it' would be possible to eliminate 
the heterosis factor. This would allow comparisons to be made between 
the parent inbreds and the and Fg generations without the great 
difference in size that existed in this experiment. 
The large coefficients of variability found in this experiment point 
out another difficulty in the study of onion bulb characteristics. Since 
this variability was considered to be caused mostly by environment, it 
is suggested that future experiments in this area should be carried on 
with the greatest control of the environment. 
The results reported herein should be of value to the plant breeder 
in his estimation of the bulb shape he might expect to obtain when cross­
ing two inbreds. However, they do not necessarily offer the conçleté 
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explanation of the inheritance of onion bulb shape in the classical sense. 
Further work is necessary to obtain a complete understanding of this 
phenomenon. 
71 
LITERATURE CITED 
1. Beil, G. M. Inheritance of quantitative characters in grain sorghum. 
Unpublished M.S. thesis. Mes, Iowa, Library, Iowa State University 
of Science and Technology. I963. 
2. Binkley, A. M. Effects of bulb shape and weight on the number of 
seed stalks of the Sweet Spanish Onion. American Society for Horti­
cultural Science Proceedings 29: 432-433» 1932. 
3. Byrd, W. P. Genetic and environmental variances in segregating and 
non-segregating maize populations. Unpublished Ph.D. -thesis, Ames, 
Iowa, Library, Iowa State University of Science and Technology. 1955* 
4. Charles, D. R. and Smith, H. H. Distinguishing between two types of 
gene action in quantitative inheritance. Genetics 24: 34-48. 1939» 
5. Clericuzio, A. J. The effect of three environments on onion bulb 
shape and its variability. Unpublished M.S. thesis. Ames, Iowa, 
Library, Iowa State University of Science and Technology. 1964. 
6. Dale, E. E. A series of multiple alleles especially affecting the 
corolla in Salpiglossis. American Journal of Botany 24: 65I-656. 
1937. 
7. East, E. M. A mendelian interpretation of variation that is apparent­
ly continuous. American Naturalist 44: 65-91» 1910. 
8. Emerson, R. A. and East, E. M. The inheritance of qu^titative 
characters in maize. Nebraska Agricultural Experiment Station 
Research Bulletin 2. 1913» 
9o Falconer, D. S. Introduction to quantitative genetics. New York, 
N. Y., The Ronald Press Co. I961. 
10. Frey, K. J. Inheritance and heritability of heading date in barley. 
Agronomy Journal 46: 226-228. 1954. 
11. Hammond, D. The expression of genes for leaf shape in Gossypium 
hirsutum L. and Gossypium arboreum L. I.II. American Journal of 
Botany 28: 124-150. 1941. 
12. Huntsberger, Do S. Elements of statistical inference. Boston, 
Allyn and Bacon, Inc. 196I. 
\13. Hutchinson, J. B. The genetics of Gossypium. Part X. The inheri­
tance of leaf shape in Asiatic Gossypiums. Journal of genetics 
28: 437-513. 1934. 
72 
14. Jones, H. A. and Emsweller, S. L. Methods of breeding onions. 
Hilgardia 7: 625-642. 1933. 
15. Jones, H. A. and Davis, G. N. Inbreeding and heterosis and their 
relation to the development of new varieties.of onions. U. S. 
Department of Agricultural Technical Bulletin djk. 1944, 
16. Jones, H. A. and Mann, L. K. Onions and their allies. 1st ed. 
Interscience Publishers, Inc., New York. I963. 
17. Jones, K. R. Heritability and dominance estimates for quantitative 
characters in oats. Unpublished Ph.D. thesis. Ames, Iowa, Library, 
Iowa State University of Science and Technology. 1957* 
18. Lindstrom, E. W. The inheritance of ovate and related shapes of 
tomato fruits. Journal of Agriculture Research 34: 961-985» 1927* 
19« Lush, J. L. Heritability of quantitative characters in Farm animals. 
Proceedings of the Eighth International congress of genetics. 1948. 
Hereditas Supplemental Volume: 356-375» 1949= 
20. Mahmud, I. and Kramer, H. H. Segregation for yield height, and 
maturity following a soybean cross. Agronomy Journal 43: 605-609. 
1951. 
21. McCoUum, G, Bulb height/diameter ratio and its phenotypic correla­
tion with bulb weight. Unpublished report. The National onion-
breeding program report of 1959». PP» 31-36. Agricultural Research 
Service, Vegetables and Ornamentals Research Branch, Onion and Carrot 
Investigations, U. S. Department of Agriculture, Beltsville, Mi. 
July, i960. 
22. Nilsson-Ehle, H. Kreuzungsuntersuchungen an Hafer Und Weizen. Lunds 
Universitets Arsskrift. Ny Poljd, 5: 1-22. 1909» 
23. Panse, V. G-, The application of genetics to plant breeding. II. 
The inheritance of quantitative characters and plant breeding. 
Journal of genetics 40: 283-302. 1940. 
24. Patil, J. A., Chavan, V. M. and Patil, A. K. Effect of inbreeding 
on bulb yield and other agronomic characters in onion. Indian 
Journal of genetics and plant breeding Volume 16: 134-137» 1956. 
25. Rasmusson, J. A. A contribution to the theory of quantitative 
character inheritance. Hereditas 18: Ê45-261. 1933» 
26. Robinson, H. F., Comstock, R. E. and Harvey, P. H. Estimates of 
heritability and the degree of, dominance in corn. Agronomy Journal 
41: 353-359» 1949» 
73 
27. Salem, I. A. Variability in'tulb shape of selected onion inhreds 
and their hybrids. Unpublished M.S. Thesis. Ames, Iowa, Library, 
Iowa State University of Science and Technology. 1964. 
28. Sinnott, E. W. Inheritance of fruit shape in Cùcurbita pepo. 
Botanical Gazzette 74: 95-103• 1922. 
29. Sinnott, E. W. Evidence for the existence of genes controlling 
shape. Genetics 20; 12-21. 1935« 
30. Sinnott, E. ¥. The relation of the gene to characters in quantita­
tive inheritance. National Academy of Science Proceedings 23: 
224-227. 1937. 
31. Sinnott, E. W. and Hammond, D. Factorial balance in the determina­
tion of fruit shape in Cucurbita. American Naturalist 64: $09-524. 
1930. 
32. Sinnott, E. W. and Kaiser, S, Two types of genetic control over the 
development of shape. Torrey Botanical Club Bulletin 6I; I-7. 193^,. 
33. "Watkins, A. E. The inheritance of glume shape in Triticum. Journal 
of genetics 39: 249-264. 1940. 
34. Weber, C. R. Inheritance and interrelation of some agronomic and 
chemical characters in an interspecific cross in soybeans. Glycine 
max X G. ussuriensis. Iowa Agriculture Experiment Station Research 
Bulletin. 374: 765-816. 1950. 
35. Weetman, L. M. Inheritance and correlation of shape, size, and color 
in watermelon. Iowa Research Bulletin 228: 223-258. 1937. 
74 
ACKNOWLEDGMENTS 
The "writer wishes to express his sincere appreciation to Dr. J. L, 
Weigle for his time and advice in all phases of the research, his kind 
patience, and his assistance in the preparation of the manuscript.; to 
Dr. J. P. Mahlstede and Dr. J. L. Weigle for their help and encouragement. 
